Abstract -Vector-particle fragmentation into possible S -wave bound states involving a heavy antiquark is considered for high-energy processes at high transverse momenta, and the relevant fragmentation function is calculated in the leading order of perturbative QCD for various patterns of the anomalous magnetic moment. Oneloop equations describing the q 2 evolution of the fragmentation-function moments that is caused by hard-gluon emission from the vector particle are derived. The integrated probabilities of fragmentation are obtained. The distribution of the bound state in the transverse momentum defined with respect to the fragmentation axis is calculated in the scaling limit. © 2000 MAIK "Nauka/Interperiodica". *
INTRODUCTION
Investigation of the production of hadrons containing leptoquarks [1] -that is, scalar and vector particles appearing in various Grand Unified Theories in the form of color triplets if their total width is less than the QCD confinement scale, Γ LQ Ӷ Λ QCD -is of interest in connection with inquiries into the properties inherent in interactions beyond the Standard Model. In [2] , the production of ( ) baryons is discussed for the scalarleptoquark case.
In the present article, we study the production of baryons involving a vector leptoquark. Within QCD, the leptoquark represents a local triplet vector field; therefore, our results can be used to calculate vectordiquark fragmentation into baryons. For the sake of convenience, a local triplet vector field will be referred to below as a leptoquark.
Here, we have to solve the new problem of choosing the Lagrangian for the interaction of a vector color particle with a gluon field. For this, the Lagrangian obtained by extending the derivatives in the free-vec-
, where H µν = ∂ µ U ν -∂ ν U µ , U µ being a complex vector field, can be supplemented with a gauge-invariant term proportional to G µν U β , where = 1/2( -) is the spin tensor, and G µν is the gluon-field strength tensor. This leads to a certain parameter (anomalous magnetic moment-see Section 2) in the leptoquark-gluon interaction vertex. In the present study, we consider the effect of this parameter on the high-energy production of a spin-1/2 bound state involving a heavy vector particle. At high transverse momenta, the production of heavy-leptoquarkonium bound states is dominated by leptoquark fragmentation, which can be calculated within perturbative QCD [3] upon isolating the factor of soft bound-state production as obtained within nonrelativistic potential models [4, 5] . The relevant fragmentation function appears to be universal for any high-energy process resulting in direct leptoquarkonium production.
In the leading order in α s , the fragmentation function has a scaling form, which provides the initial condition for perturbative QCD evolution caused by hardgluon emission from the leptoquark prior to hadronization. The relevant splitting function differs from that for a heavy quark because of the spin structure of gluon coupling to the leptoquark, which is a color-triplet vector particle.
This article is organized as follows. In Section 2, the scaling fragmentation function is calculated in the leading order of perturbation theory for two different types of behavior of the anomalous magnetic moment. The limit of an infinitely heavy leptoquark, m LQ ∞ , is obtained from a QCD analysis of fragmentation. In Section 3, the distribution of the heavy quarkonium in the transverse momentum defined with respect to the fragmentation axis is calculated in the leading order of perturbative QCD. In Section 4, we derive the splitting kernel within Dokshitzer-Gribov-Lipatov-AltarelliParisi (DGLAP) evolution and obtain and solve oneloop renormalization-group equations for the fragmentation-function moments. These equations appear to be universal since they do not depend on whether the leptoquark occurs in a free or a bound state in the low-virtuality region, where the perturbative-evolution regime ceases to be valid. In Section 5, we determine the integrated probabilities of leptoquark fragmentation into heavy leptoquarkonia. The results of this study are summarized in the Conclusion.
FRAGMENTATION FUNCTION
IN THE LEADING ORDER The fragmentation contribution to direct heavy-leptoquarkonium production is given by where d σ and are the differential cross sections for, respectively, the production of a quarkonium of 4-momentum p and the hard production of a leptoquark of 4-momentum p / z , while D ( z ) is the fragmentation function dependent on the momentum fraction z carried away by the bound state. The quantity µ specifies the factorization scale. According to the general pattern of DGLAP evolution, the µ -dependent fragmentation function satisfies the equation
where P is a kernel that is controlled by hard-gluon emission from the leptoquark until a heavy-quark pair is formed. Therefore, the initial form of the fragmentation function is determined by the diagram in Fig. 1 , so that the relevant initial factorization scale is µ = 2 m Q . Moreover, this function can be obtained within an expansion in α s (2 m Q ) . The leading-order contribution is calculated in this section.
We now consider the fragmentation diagram in the reference frame where the initial-quark momentum is q = ( q 0 , 0, 0, q 3 ) and where the initial leptoquarkonium momentum is p , so that Within the static approximation, the masses of the heavy quark and of the leptoquark in their bound state satisfy the relations m Q = rM and m = (1 -r ) M = . The vertex for vector-leptoquark interaction with a gluon is given by
where κ is the anomalous magnetic moment and t a is the generator of the QCD group in the fundamental representation.
The sum over the polarizations of the vector leptoquark of momentum q ( q 2 = s ) depends on the choice of gauge in the free-field Lagrangian (this can be, for
example, the Stückelberg gauge), but the physical quantity under calculation (the fragmentation function) is independent of the gauge parameter, which affects the form of the contribution of the longitudinal field components. Without loss of generality, the sum over polarizations can then be chosen in the form
The matrix element for fragmentation into a spin-1/2 state has the form
where the sum over gluon polarizations is written in the axial gauge with n = (1, 0, 0, -1),
and k = q -(1 -r)p. The spinors l H and correspond, respectively, to the leptoquarkonium and to the heavy quark accompanying fragmentation. The quantity ᏹ 0 stands for the matrix element for high-energy hard leptoquark production, while R(0) is the value of the radial wave function at the origin. Upon squaring the matrix elements and performing summation over the helicities of the final particles, we arrive at In the high-energy limit qn ∞, W µν assumes the form
where R µν can depend on the gauge parameters. Upon an expansion in the Lorentz structures, R leads to scalar quantities that are much smaller than W. We define
The fragmentation function has the form [6] where W is given by (4). At a constant anomalous magnetic moment not equal to -1, the integral appearing in the expression for the fragmentation function diverges logarithmically. Here, we consider two types of behavior of the anomalous magnetic moment. The first is κ = -1, in which case the resulting fragmentation function 
